INTRODUCTION
During the summer of 2012, researchers conducted a study of the PBS KIDS Mathematics Transmedia Suites in preschool homes as part of the Ready To Learn Initiative developed by the Corporation for Public Broadcasting (CPB) and the Public Broadcasting Service (PBS) with funding from the U.S. Department of Education.
This paper describes a study of a collection of mathematics activities and games available to children on the PBS KIDS LAB website 1 . The focus of the study was on the efficacy of three PBS KIDS transmedia suites (The Cat in the Hat Knows A Lot About That, Curious George, and Sid the Science Kid and their accompanying parent support materials) in increasing preschoolers' mathematics skills and enhancing their parents' ability to support their children's mathematics learning in the home environment. The Cat in the Hat Knows A Lot About That series is designed to spark a love of learning and an interest in science in preschool-aged children. The Cat in the Hat Knows A Lot About That transmedia suite consists of four games that cover content such as shapes, patterns, classifying, and spatial visualizations. The Curious George series is designed to inspire children to explore science, engineering, and math in the world around them. The Curious George transmedia suite consists of 16 games that cover content related to counting and cardinality. The Sid the Science Kid series is designed to promote exploration, discovery, and science readiness among preschoolers. The Sid the Science Kid transmedia suite consists of nine games that cover content such as spatial reasoning, measurement, sorting, counting, and patterns. Transmedia suites are comprised of thematically linked content presented across formats (e.g., short-form videos, online games, mobile phone activities, in-classroom digital games) and across media devices (e.g., computers, interactive whiteboards, tablets, mobile digital devices). The transmedia suites are engaging for both kids and parents, and use familiar characters from TV shows, stories, and books that the families know. There is solid educational content built into the transmedia suites. The games in the transmedia suites provide hints when children struggle in the games, and move to more academically difficult levels of play. The transmedia suites also use engaging narratives that give rise to curiosity and solution seeking, promoting logico-mathmatical thinking and learning in the context of discovery.
It was predicted that use of Ready To Learn's three PBS KIDS transmedia suites, along with the corresponding parent support materials available on PBS KIDS LAB, would increase preschool students' early mathematics abilities. In addition, it was predicted that use of the suites and related parent activities would increase parents' awareness of strategies to directly support their child's mathematics learning in the home environment. Specifically, the study applied a quasi-experimental design to address the following research questions:
-Does student use of the PBS KIDS transmedia suites increase children's knowledge and skills in mathematics? -Does parents' awareness and support of their children's mathematics learning at home increase after interacting with their children around the suites and using support materials related to the suites?
LITERATURE REVIEW 2.1 Participation in Preschool Programs
There has been growing concern about an educational achievement gap among white and minority/low-income children entering kindergarten. The gap between school performance of children who are prepared to begin school, and those who are not, typically increases over time. Those who are not prepared fall farther behind -later remediation does not help after the fact [12] . Studies have shown that early childhood education can have a mitigating effect on the lack of preparation and the ensuing achievement gap. Participation in preschool programs has been found to have a relatively large and enduring effect on school achievement and child wellbeing [34] . Such long-term effects of early childhood intervention have been traceable to a combination of school support and family support experiences [33] . Variables (such as pre-kindergarten experience, motivation, mobility, and parent involvement) that are directly alterable by families and schools significantly influence, either directly or indirectly, early school outcomes [32] .
One way to ensure quality early childhood education programming is through improved curriculum. Starkey, Klein, & Wakeley [36] conducted a pre-kindergarten mathematics intervention by developing new mathematics curriculum and complementary home activities. This curriculum was implemented in public and private preschools serving low-and middle-income families. The authors found a significant socio-economic-related gap in mathematical knowledge (arithmetic, space and geometry, measurement, patterns, and logical relations) at the beginning of the intervention year. By the end of the intervention year, the results demonstrated significantly enhanced math knowledge of children at both levels of socio-economic status; however, low-income children acquired more knowledge, relative to their starting point, than middle-income children [36] .
Parent Involvement and Engagement
Parent support and engagement in early childhood education has long been touted as a positive influence on a child's academic achievement, most especially in low-income and minority families [3, 9] . Early education coupled with parent involvement provides cognitive advantage at school entry that initiates a positive chain of effects that leads to better school performance and adjustment, and that over time culminates in higher rates of school completion and lower drop-out rates [17, 33] . And the benefits are believed to persist beyond kindergarten. For example, Gonzales-DeHass et al. [16] found that students from elementary to high school show beneficial relationships between parental involvement and student motivation (i.e., school engagement, perceived competence, perceived control, self-regulation, mastery goal orientation, and motivation to read) [16] . When schools implement practices to include parents, parents (regardless of ethnicity or socio-economic background) become more involved and forge closer relationships with schools [20] .
Some of the most comprehensive studies on early childhood education and parental involvement were conducted in the 1980-90s on the Chicago Child Parent Center (CPC) Program. These centers service mostly black, low-income, four-to six-year-old children and their parents. Graue et al. [17] studied over 900 students participating in the CPC program from 1983-1986. They found that instructional approaches that blended teacher-directed focus with childinitiated activities and parental school involvement were the basis of long-term effects from participation in the CPCs. Parental involvement was significantly associated with higher levels of school readiness and word analysis skills. Changes in parenting practices and family-school relations enhanced children's school achievement and social adjustment, and contributed to long-term effects of preschool participation [17] . Results from other studies on the CPCs found that after finishing their early childhood education in these centers, reading scores for both genders were equal to local and national norms. In addition, parents' attitudes about their children's education was notably better after participation in the CPC program activities [11] .
Increased parental involvement has important effects regardless of race or socio-economic status. Lin [23] found that the percentage of variance in literacy and math skills that was explained by parent involvement was greater for minority children than for European-American children, and for poor children than for the non-poor children. Even though educational resources at home were fewer in both low-income and minority (especially black and Hispanic) homes, a stronger relationship was found among school involvement, home resources, and early literacy. The author concludes that schools need to create school involvement opportunities, particularly for low-income and minority parents, and that parent involvement should also be emphasized in pre-service teacher's training [23] .
Higher levels of parental involvement could result in improved achievement because low-income and minority families are less likely to have informal social networks that include parents of other children in the school [18] . Thus, these parents' presence in the classroom may provide them with information about skills required by the teacher, and enhance their ability to promote and nurture these skills in their children, which is especially important for mathematics performance. In some cases, parents' had better skills for promoting reading performance than for mathematics [18] . Encouraging parent engagement relies in part on parent satisfaction with their experience with various aspects of their child's early education program. The higher the parental satisfaction with their interactions with an early childhood education program, the higher their level of participation in school-based activities [10, 26] .
Parents' Use of Home Activities
Recently, studies have begun to focus specifically on early academic achievement resulting from parent involvement with special home activities. Klein, Starkey & Clements [20] conducted a randomized controlled trial of 40 Head Start and state preschool classrooms to test whether a pre-kindergarten mathematics intervention was effective. The intervention included not only training for treatment teachers, but also for parents in how to use specially created math activities at home. Intervention and control group pre-tests math scores for early math knowledge did not differ; however, post-test results showed significant gain by intervention children over control children. The researchers concluded that including program materials to be sent home to parents helps increase parent engagement with children and helps to positively augment the classroom curricula [20] .
In another study, LeFevre et al. [22] studied 146 children in kindergarten through 2 nd grade. They considered two types numeracy activities: direct activities (counting, recognizing digits) and indirect with quantitative components (board games with dice, measuring while cooking, shopping). Ultimately, the child's mathematical skills as tested at school correlated with the frequency with which parents reported engaging in informal activities outside of school that have quantitative components. The researchers noted that mathematical learning activities are valuable when they occur in a variety of contexts. For instance, children participating in board games and number-based storybooks showed substantial gains in early numeracy skills. Children's indirect experiences with numbers, particularly in motivating contexts such as games, may be important contributors to their preparation for numeracy experiences in the early grades. Therefore, parentdirected home activities can play a crucial role in mathematical preparation for young children [22] .
Transmedia as an Educational Tool
Studies have explored the benefits of transmedia as one of the ways to supplement out of school time (OST) learning and encourage motivation in both formal and informal learning environments. Building on the theory of developmental psychologist Vygotsky [41] , it has been suggested that play is an important element in transmedia learning [2] . For Vygotsky, play was not an activity distinct from the real world, but rather a context that can liberate children from many social constraints in which the child's behavior usually occurs. Barab and colleagues [2] argue that designers of transmedia curricula have a unique opportunity to leverage play in their designs, to make interactives that are engaging and meaningful to students. This involves building sociotechnical structures that engage users, allow for a continual growth of individuals within the communities in which they are nested, and encourage active learner, child-centered, inquiry-based learning [2] . In transmedia learning environments, students can extend their learning time and space in and across both school and OST activities, while experiencing the affordances of game-like, narrative-based curricular materials, enhancing their motivation and engagement in the learning process [21, 28] . Though research on transmedia-related educational programs is still in its infancy, a number of studies have found positive impacts, including active involvement of the audience in the narrative, creation of a unified learning experience, improvement of the learning process by means of integrating knowledge and skills, and gains in student achievement [1, 13, 6, 25, 30, 31] .
STUDY DESIGN AND METHODOLOGY
The study of PBS KIDS Mathematics Transmedia Suites in preschool homes used a quasi-experimental, non-equivalent groups design, which randomly assigned two Head Start sites to either an intervention or comparison group. The study took place over eight weeks in the summer of 2012. The intervention was based on three PBS KIDS transmedia suites and was comprised of three overarching mathematics concepts found in those suites: numbers and operations in base ten, measurement and data, and geometry and spatial sense. The eight-week intervention encouraged participating parents and children in the intervention group to work together on PBS KIDS transmedia activities for 3o minutes per day for four days per week, and encouraged parents to attend weekly parent meetings at their child's preschool.
Each week of the intervention focused on a specific mathematics concept and included four days of activities for children at home (all hands-on activities in the program were taken from PBS KIDS LAB home activities). During each week of the study, parents in the intervention group met at their child's preschool for one hour. During each parent meeting, parents were encouraged to describe the activities they undertook with their children the previous week; whether they felt their children learned from those activities; and what challenges they had encountered. The comparison group was a "business-as-usual" comparison group in which child/parent dyads received intervention or instruction they would normally receive if the study of PBS KIDS Mathematics Transmedia Suites in preschool homes were not taking place.
Researchers recruited 90 child/parent dyads through two Head Start centers primarily serving families from a lowincome community in Richmond, CA (mean age of child participants = 4 years, 5 months). Students in the study were primarily from low-income households, with two thirds of the students eligible for free or reduced price meals. About half of the students were Hispanic or Latino with significant subgroups of African American and Asian students. About one third of the students were English-language learners and 14% of the students received special education services.
INSTRUMENTS 4.1 Test of the Early Mathematics Ability (TEMA)
The Test of Early Mathematics Ability, third edition, is a primary test of children's informal and formal mathematics knowledge, developed by Western Psychological Services. It is a standardized, nationally normed achievement test [15] . The test is designed for use with children ages 3 years, 0 months through 8 years, 11 months. It measures four categories of informal mathematics: Numbering, Number Comparisons, Calculation, and Concepts. It also measures four categories of formal mathematics: Numeral Literacy, Number Facts, Calculation, and Basic 10 Concepts. The test contains 72 items (each item may have multiple problems) in two forms. The TEMA-3 is not a timed test, and no precise time limits are required for children being tested. Depending on children's mathematics ability, children will be able to complete all 72 items or the relevant portion of the test. On average, it takes 45-60 minutes to administer.
The test examiner's manual reports an alpha of 0.94 for Form A and an alpha of 0.96 for Form B [15, p.32] . The manual also discusses test content-description validity, criterion-prediction validity, and construct-identification validity. The test has been matched for content coverage and difficulty.
For the purposes of this study, the TEMA-3 experimental score was used to analyze children's mathematics ability. The experimental score is simply the number of problems scored correct on the TEMA-3 (one point per correct response). Each TEMA-3 item may have multiple problems. The total number of problems in the TEMA-3 is 201. Therefore, the experimental score ranges from 0 to 201. The TEMA-3 Form A was used as a pre/post measure for children. The pre-test was administered to students after they were assigned to the intervention or comparison condition in mid-June of 2012; the post-test was administered in late July and early August of 2012 at the conclusion of the study.
Researcher-Developed Measure of Mathematics Skills
Given that the TEMA-3 only tests children's numerical sense, WestEd researchers developed a measure of mathematics skills that addressed the remaining two mathematics concepts that are practiced in the transmedia suites: Measurement and Data, and Geometry and Spatial Sense. The researcher-developed measure of mathematics skills includes 15 items and measures three early mathematics concepts: Numbers and Operations in base ten (six items), Measurement and Data (five items), and Geometry and Spatial Sense (four items). The researcher-developed measure of mathematics skills is not a timed test, and no precise time limits are required for children being tested. On average, it takes 15-20 minutes to administer the test. The scores from the researcher-developed measure of mathematics skills were calculated by summing the number of items scored partially correct (one point per partially correct response) and the number of items scored correct (two points per correct response). Partially correct responses are not available for six items; therefore, the scores range from 0 to 24. The 15 items showed good reliability on the pre-test (alpha = .80) and on the post-test (alpha= .82). Both the pre-test and post-test of the researcher-developed measure of mathematics skills were administered in conjunction with the TEMA-3 test. Students were randomly assigned to be tested by either the TEMA-3 or researcher-developed measure of mathematics skills first. The order of the tests was the same for any given student for pre-test and post-test.
Weekly Fidelity Survey
Each week, all intervention parents were asked to respond in a survey about activities from the previous week including: (1) which activities/games they played with their children, (2) how long their children played the activities/games, (3) how their children liked the activities/games, and (4) whether they had anything to share regarding the activities.
Electronic Usage Log
The Chromebooks and a custom-designed WestEd website were configured in order to track activities and log when participants accessed the PBS KIDS transmedia suites, which games from the suites were accessed, and approximately how long participants used each game. Researchers configured the Chromebook settings and installed a browser plug-in to redirect study participants to the custom WestEd website, such that the website and PBS KIDS games were the only online sites participants could access. The custom PBS/WestEd website used a login system that connected to Google Analytics. Each time participants logged in to PBS KIDS LAB via the custom website, their username was identified within Google Analytics. This allowed researchers to identify usage data from study participants. Data was downloaded from Google Analytics and compiled by WestEd researchers.
Parent Surveys
Two scales were adapted from the Home Learning Environment (HLE) survey [41] to gauge parent awareness of their child's mathematics development and the available resource at home to support the child's learning. The HLE is a parent survey of home mathematics activities. This survey includes three sections. The first section is a demographic section that acquires parents' education, ethnicity, preferred language at home, and their relationship with the child. The second section obtains parents' awareness of their children's mathematics development. The third section asks parents to report on the types of activities that their children did last week and how frequently their children did each activity alone, with another child, and with an adult.
DATA ANALYSIS METHODS
A general linear model with pre-tests as covariates was utilized to investigate the impact of Ready To Learn's three mathematics-related PBS KIDS transmedia suites, along with their corresponding parent support materials available on PBS KIDS LAB, on children's outcomes after accounting for the pre-existing differences in the pre-intervention baseline measures. This method is preferred for analyzing pre/post design data because it can eliminate systematic bias and reduce error variance [5, 8] . The method takes into account regression toward the mean [4] , which refers to the concept that when a first measurement of a variable is an extreme value it will tend to be closer to the average on a later measurement. Given that regression toward the mean is a relatively common phenomenon, the researchers applied a general linear model with pre-tests as covariates in this study to increase statistical power and obtain a more precise and less biased estimate of the group effects [5, 8, 19] . In this study, researchers compared the intervention group's postintervention outcomes with the comparison group's postintervention outcomes after adjusting for differences in baseline test results, baseline parents' awareness of children's mathematics development, and participant demographic characteristics (i.e., race/ethnicity and child age). Two student outcomes as measured by the TEMA-3 and researcherdeveloped measure of mathematics skills were used as dependent variables. The intervention status (intervention vs. comparison) was used as the independent variable. Adjusted intervention and comparison group means were reported for each outcome variable.
Several approaches were utilized to address missing data. For outcome measures, missing item responses were treated as incorrect responses. Participants who missed all the items in the outcome measures were removed from the corresponding analyses. Participants who had more than 10% of missing data on the covariates were also removed from the impact analysis. Series mean method was utilized to replace the other missing data on the covariates.
Qualitative data collected from open-ended survey questions and weekly focus groups were analyzed using grounded theory, or constant comparative analysis [39] . In an initial data reduction approach, respondents' comments were reviewed and assigned categories of meaning (open coding). Then, these categories along with quantitative data results were reviewed for causal linkages and non-causal relationships related to the central phenomenon (axial coding), which allowed the researcher to develop a "story" that connects the categories (selective coding) and, finally, posit hypotheses or theoretical propositions. These qualitative analyses provided descriptions of 1) how child/parent dyads used the three mathematics-related PBS KIDS transmedia suites, along with their corresponding parent support materials available on PBS KIDS LAB, and 2) how the PBS KIDS transmedia suites, along with their corresponding parent support materials, may increase parents' awareness and support of their children's mathematics learning at home.
IMPACT RESULTS

Fidelity of Implementation at the Intervention Site
During the eight-week study, families in the intervention condition were presented with a program that included a total of 14 hands-on home activities (two activities per week) and 30 online games (three core program games and three additional games per week) 2 . Electronic usage logs and fidelity surveys were collected from week one through week seven.
Based on the electronic usage logs, on average, child/parent dyads played the online games three days per week. The majority (97.8%) of the child/parent dyads in the intervention group played the online games at least one day a 2 All games are from the three target suites and one shape game is from the Dinosaur Train transmedia suite. Some games may be provided in more than one week. 
Children's Knowledge and Skills in Mathematics
The results indicate that the intervention was positively associated with gains in children's knowledge and skills in mathematics, as measured by the TEMA-3. Adjusted mean differences on the post-test measure of the TEMA-3 show that the intervention group exceeded the comparison group (point estimate of 4.82; effect size = 0.27). Effect sizes of this level are typical in educational interventions and are of sufficient magnitude to close achievement gaps across subpopulation groups [36] . This difference was significant at the .01 level, after accounting for differences in baseline test results, baseline parents' awareness of children's mathematics development, and participant demographic characteristics (i.e., race/ethnicity and child age). However, the intervention was not significantly associated with gains in children's knowledge and skills in mathematics, as measured by the researcherdeveloped measure in mathematics skills (see Table 10 ). Analysis of each individual measure in mathematics skills item also did not show pre/post group differences. One possible explanation for these outcomes is that games and activities in the intervention focused primarily on numerical sense, which was measured by the TEMA-3. The majority of the intervention program included activities and games related to numerical sense, such as numbers, counting, counting backwards and skip counting, adding, and comparing. Only two weeks of the intervention program featured activities and games that emphasized shapes and sorting (this mirrored the distribution of skills across the games in the transmedia suites). In addition, the researcher-developed measure of mathematics skills was only 15 items long and only tested a small subset of skills related to measurement and data, and geometry and spatial sense. These included a limited number of items that tested sorting (three items) and shapes (four items), which may not be sensitive enough to detect changes.
Parents' Awareness and Support of their Children's Mathematics Learning
Involvement in Children's Play
The study findings suggest that Ready To Learn's three mathematics-related PBS KIDS transmedia suites, along with their corresponding parent support materials available on PBS KIDS LAB and the parent meetings, provide parents a platform to involve themselves in their children's mathematics learning. Parents who participated in the intervention were encouraged to play six core games with their children per week (two hands-on games, and four online games). Researchers analyzed the average number of games that parents played with their children per week. This information was derived from questions on the weekly fidelity surveys regarding their engagement in the activities. In general, the parents played more than five games per week with their children (M=5.43, SD=0.86), which indicated a high level of engagement in their children's play with PBS KIDS transmedia games and the supporting hands-on home activities.
The target population of this project was economically disadvantaged preschool families. These parents, like all parents, want their children to succeed in school. The current project fostered a welcoming environment to encourage parent involvement in their child's learning by providing the intervention program materials, weekly parent meetings to support the understanding and utilization of the program, and technical assistance to answer questions and address concerns. As evidenced by data from the weekly fidelity surveys and focus groups, parents were: interested in the project, felt welcomed and supported, and were willing to be involved in their children's learning. The following quotes, taken from completed fidelity surveys and transcripts of focus groups, are typical of parents' comments about the awareness of the importance in their child's learning. Parents reported feeling empowered to support their children's mathematics learning. They felt proud of their children's progress. A grandmother of a participating child, who typically attended the meetings with the mother and the child, shared her excitement upon seeing her grandchild playing with the computer games for the first time. Apparently, another older child in the family wanted to use the computer to show the child other games, but the child responded, "I want to do it myself." Hearing this, the grandmother said she felt proud that her grandchild was successful at working on the computer by himself. Similar statements indicated that parents felt empowered to teach their children because of the teaching and learning resources provided by the intervention materials.
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Awareness of Children's Mathematics Interests
Mathematics provides children with the foundation for problem-solving and reasoning abilities, as well as critical thinking skills. However, parents may not be aware of their children's mathematics learning and may not understand how the mathematics skills their children are learning relate to everyday life. Data analysis suggests that the current project assisted families with understanding children's mathematics development, helping them to create conditions at home to promote mathematics activities, and to apply PBS KIDS online mathematics games to support children's mathematics learning.
To detect whether interacting with children around the PBS KIDS transmedia suites and using related support materials increases parent's awareness of their children's mathematics learning at home, researchers analyzed the composite sum scores for intervention parents' awareness of their children's mathematics development. This information was derived from parent survey questions on their knowledge about typical preschool children's mathematics abilities and skills. The results indicated that parents' awareness of their children's mathematics development significantly increased over the course of the intervention (Pre M=8.65 (2.01), Post M=10.26 (1.38), df=42, p< .001).
Analysis of fidelity survey and focus group data suggests that parents were surprised at the depth of their children's The study results suggest that the intervention program helped parents think about their child's mathematics learning in the home environment. They also suggest the three mathematics-related PBS KIDS transmedia suites, along with their corresponding parent support materials available on PBS KIDS LAB, helped parents support their child's mathematics learning over the course of the eight-week intervention. In addition, parents indicated they would continue to support their children's mathematics learning.
CONCLUSION
This CPB-PBS Ready To Learn study was designed to test whether the use of PBS KIDS transmedia suites and related support materials increases children's mathematics ability and increases parents' awareness and support of their children's mathematics learning at home. The results indicate that children who were exposed to the PBS KIDS transmedia suites and related support materials in the summer of 2012 outscored their comparison group peers on the TEMA-3, by 4.82 problems with an effect size of 0.27. This difference was significant at the 0.01 level. TEMA-3 is a widely used, standardized, nationally normed achievement test. It measures children's numerical sense, which is the primary focus of the intervention. The treatment group's significant improvement in performance on this assessment shows the impact of the intervention on children's numerical sense development. Children's mathematics ability was also assessed using a researcher-developed measure of mathematics skills. The results indicated no observed differences between the intervention and comparison groups in children's mathematics ability on the small subset of skills covered by the assessment.
The results related to parents' awareness and support of their children's mathematics learning at home indicate that parents were highly involved in supporting their children's mathematics learning. They viewed themselves as facilitators and/or teachers when working with their children. They also felt empowered to teach their children using knowledge gained from the intervention program. Through the intervention program, parents became more aware of their children's mathematics ability. A joint position statement by two leading professional organizations in early childhood and mathematics, the National Association for the Education of Young Children and the National Council of Teachers of Mathematics, assert that early childhood mathematics education should apply children's everyday activities and should continue to introduce or expand upon important mathematics ideas [27] (National Association for the Education of Young Children and National Council of Teachers of Mathematics, 2002). Educators and parents may be looking for ways to strengthen their formal and informal mathematics education for young children. The current intervention program responds to this position recommendation and the needs in early childhood mathematics education by utilizing three PBS KIDS transmedia suites as the platform to encourage children's mathematics learning. The current intervention program uses the transmedia suites to weave mathematics into children's lives through the use of popular PBS KIDS properties, such as The Cat in the Hat Knows A Lot About That, Curious George, and Sid the Science Kid. It also introduces easily adopted and adapted hands-on home activities for parents. Parents can use the PBS KIDS transmedia suites and related support materials as resources to incorporate early mathematics activities into their children's daily lives and their home environment. We envision this study as a pioneering effort to stimulate a series of practical home intervention models to examine whether transmedia platform, with its increasingly pervasive presence in family life and steeply rising usage rates among low-income families, can serve as an effective tool in connecting home and school learning.
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